Introduction
The concept that cancer is an aberrancy of the physiological processes of inflammation and tissue repair is very old. 200 years ago John Hunter described the neoplastic process as a perverted version of inflammation (1) . The relationship between the inflammatory process and the development of malignancy was a central theme of Virchow's studies in the 1800s (2) . Many of his classic studies dealt with the histological relationships and similarities ofabscesses, tubercles, and true cancers (1) . However, with the discovery of specific microorganisms as etiologic agents for infectious disease, the topics of inflammation and cancer were split in two and were increasingly thought of as discrete subjects over the next 100 years.
It is only within the past 10 years, as a result of studies of biochemical mechanisms for the control ofproliferation ofcells and cellular matrix, that these two separate fields have again begun to merge. Historically, the subject of proliferation has been emphasized in biochemical studies of cancer cells. Only recently, as attention has focused on mechanisms of invasion and metastasis (3), has major effort been given to biochemical studies of the role of cellular matrix in carcinogenesis. Conversely, studies of inflammation and repair, particularly of inflammatory diseases such as rheumatoid arthritis, have historically focused on cell matrix; only more recently have the proliferative events in tissue repair been studied from a biochemical perspective. However, it is now apparent that it is essential to understand the role of cell matrix if one wishes to understand the processes of invasion and metastasis in cancer, and it is equally apparent that the control of cell proliferation is an essential phenomenon in inflammatory and repair processes. Thus, biochemical mechanisms by which cells and tissues respond to injury and initiate the repair process are now known to be highly relevant to the study of carcinogenesis. Although studies of these mechanisms have often used malignant transformed cells and have dealt with the role of oncogenes and peptide growth factors involved in neoplasia, it is now evident that the data that have been obtained are equally relevant to the study of many proliferative diseases other than cancer (4), including such common entities as atherosclerosis (5) and rheumatoid arthritis (6) . Because the process of transformation is exaggerated in the cancer cell, cancer has served to focus attention on the relevant mechanisms of other proliferative diseases. Indeed, we are suggesting that the transformed state is essentially a physiological one, not a pathological one, unless it is expressed out of context, i.e., permanently switched on, expressed at the wrong time, or expressed in excessive amounts. (9, 10) , which codes for the production of the B chain ofplatelet-derived growth factor (PDGF);1 the erb-B gene (1 1), which codes for the production of a truncated epidermal growth factor (EGF) receptor, and the ras gene (12) , which is involved in postreceptor signaling. Thus, the action of many oncogenes results in the activation of biochemical pathways involving peptide growth factors. Ifthe expression ofan oncogene is transient, there will be a transient increased expression of growth factor action. However, ifan oncogene or one ofits controi elements is mutated, there may be permanent increased 1 . Abbreviations used in this paper: EGF, epidermal growth factor, FGF, fibroblast growth factor, PDGF, platelet-derived growth factor, TGFalpha, transforming growth factor-alpha; TGF-beta, transforming growth factor-beta. expression of growth factor action, as occurs in many cancer cells.
It should be emphasized, though, that the transient expression of oncogenes is often a physiological process associated with normal cell division and embryogenesis, and as we will describe later, the transient action of peptide growth factors is a part of the normal processes of inflammation and repair. Thus, the mere expression of an oncogene is not sufficient cause for malignancy. Indeed, we should consider that the transformed state ofgrowth in cells may be quite physiological if the process is reversible, as occurs during inflammation and tissue repair, as well as during embryogenesis. The inception of development of the embryo from the moment of fertilization of the ovum is the ultimate transformation, and we should expect to find mechanisms that are common to embryogenesis and carcinogenesis. Only when regulation is lost does pathology result.
Although many peptide growth factors will eventually be found to exert an autocrine action in cancer cells, current research has focused on three principal autocrine peptides, namely, transforming growth factor-alpha (TGF-alpha), transforming growth factor-beta (TGF-beta), and PDGF. TGF-alpha is a structural homolog of EGF (13), binds to the same receptor (whether it should be called the TGF-alpha receptor or the EGF receptor is a question ofsemantics), and, indeed, is the embryonic analog of EGF (14) . The genes for TGF-alpha and EGF are entirely different in terms of their structure and chromosomal locations. Although a 50 amino acid-processed molecule isolated from human melanoma cells was the first TGF-alpha to be purified to homogeneity (13) , it is now clear that human TGFalpha is synthesized from a message that encodes 160 amino acids (15) , and that this larger molecule may be equally important with respect to the cancer cell. It is well established that many human cancer cells synthesize TGF-alpha, and that the expression of several oncogenes, in turn, leads to increased expression of TGF-alpha, even though the oncogenes themselves do not code for TGF-alpha (16) . The possibility that inflammatory cells may produce TGF-alpha is currently under active study.
Although TGF-beta shares a common nomenclature with TGF-alpha, it is a totally distinct molecule, both in terms of its chemical structure and biological activity (16) . TGF-beta is a homodimer (molecular weight, 25,000) with each chain consisting of 112 amino acids. TGF-beta, like TGF-alpha, is synthesized by many human cancer cells, and the expression of certain oncogenes can cause elevated expression of TGF-beta.
TGF-beta has also been isolated from several nonneoplastic tissues ( 16) , such as platelets, placenta, kidney, and, most recently, bone (17) ; its potential role in inflammation and repair will be discussed later.
PDGF was the first peptide growth factor to be directly implicated in oncogenesis (18) . Peptides resembling PDGF have been found in many different types of cancer cells, including fibrosarcomas (9, 10), osteosarcomas (19, 20) , and common epithelial cancers (21) . Like TGF-beta, PDGF is a dimer. However, elucidation of the total structure of human PtDGF has been complicated by the presence oftwo similar chains, A and B (22) , and human PDGF may be a mixture of A-A and B-B homodimers, as well as the A-B heterodimer. Unlike TGF-alpha and TGF-beta, which were discovered in transformation assays performed in an attempt to understand the malignant phenotype, PDGF was first isolated as a physiological peptide from human platelets (23, 24) . Thus, its relevance to the problem of tissue repair has never been in doubt.
Similarities between carcinogenesis and inflammation-repair It has been known for many years that in order for many tumors to grow in vivo, they must establish a proper stromal and angiogenic reaction to facilitate further development. Such observations were made in the early days of tumor transplantation, and modern studies of the mechanisms of invasiveness and metastasis have continued to focus on the importance of matrix destruction (3), matrix synthesis (25) , and angiogenesis (26) as critical determinants of the growth of cancer cells. These are exactly the same processes that are involved in tissue repair and wound healing (27, 28) . Therefore it is not surprising that a mechanistic analysis of the chemical signals that are involved in tumor cell growth is also germane to the tissue responses that occur during inflammation and tissue repair. As specific peptide growth factors have been identified as participants in the neoplastic transformation of cells, one may therefore expect that the same peptides would have some role in tissue repair and wound healing. Particularly, one might expect such peptides to play a role in the control of collagen breakdown, the recruitment and formation of new fibroblasts, the formation of new collagen and other matrix substances, and the formation of new blood vessels. Indeed, this is exactly what is being found in recent studies of the peptide growth factors that have been identified in platelets, macrophages, and lymphocytes, three of the key cells participating in tissue repair (27, 28 ). As will be described, many of the same peptide growth factors participate in both malignant transformation and tissue repair; the difference between these two phenomena would appear to be whether the expression of the peptides is appropriately controlled or not, rather than their mere presence or absence. As Haddow (29) has elegantly described it, "the wound is a tumor that heals itself."
Peptide growth factors and tissue repair The repair of injury begins as soon as tissue damage occurs, and the release of peptide growth factors from injured cells and inflammatory cells is a critical part of this process. PDGF, TGFalpha, and TGF-beta are, again, three peptides that have an important role. Although there may be autocrine action ofthese peptides in injured cells, it would appear that their paracrine action, driven by their production and release by various inflammatory cells, accounts for the key role of these peptides in the repair process. This is a major difference between tissue repair and cancer; it is the paracrine action of peptide growth factors in repair that allows for a much greater degree of regulation. Although it has recently been shown that injured cells can behave in an autocrine manner (cultured arterial smooth muscle cells from rats suffering trauma to their arterial walls synthesize, release, and respond to peptides that resemble PDGF; 30), it is the inflammatory cells that enter an injured area and provide an orchestrated release of paracrine growth factors, essential for repair of injury. These growth factors then control the recruitment of new cells and the formation of new matrix and new blood vessels necessary for the repair process. Platelets are the first cellular elements in the repair ofa wound, followed by neutrophils, and then by macrophages and lymphocytes (27, 28) .
PDGF, TGF-alpha, and TGF-beta have all recently been shown to participate in the repair process. PDGF is initially released from the alpha-granules of platelets, and is a potent chemoattractant for fibroblasts (31) , as well as a mitogen for these cells in the presence of either TGF-alpha or EGF (18) .
Furthermore, PDGF stimulates the production of collagenase by fibroblasts (32) and thus contributes to the remodeling of matrix, an essential feature of tissue repair (33) . PDGF, in addition to being released from platelets, has recently been found to be synthesized by and released from activated macrophages (34, 35) . The role of TGF-alpha in the repair process is just beginning to be investigated; peptides resembling TGF-alpha have been found in platelets (36), activated macrophages (Assoian, R., and H. Stevenson, unpublished observation), and in the ascites fluid ofcirrhotic patients (Von Hoff, D., unpublished observation). It is thus clear that it is no longer tenable to believe that TGF-alpha can serve as a specific diagnostic marker of malignancy, as had once been hoped (37) . TGF-alpha has a physiological role in the adult animal, a role yet to be completely defined.
TGF-beta appears to have a particularly important role in the repair process. This peptide is found in relatively high concentrations in platelets (36) and has recently been found in activated T lymphocytes (38) as well as in macrophages (Assoian, R., H. Stevenson, and R. Ross, unpublished observation). When injected subcutaneously in newborn mice, it causes a rapid fibrotic and angiogenic response at the site of injection; the new tissue formed is essentially granulation tissue (39) . Furthermore, TGF-beta will stimulate the formation of collagen in human or rodent fibroblasts (39) . Another recently discovered source of TGF-beta is bone (17) . TGF-beta is present in bone in amounts almost 100-fold greater than those in many other soft tissues. The physiology ofTGF-beta in bone is unknown at present, but, again, it may be involved in the control of the formation of collagen or other matrix substances that are relevant to the remodeling and formation of bone matrix. Essentially, all cells have high affinity receptors for TGF-beta, indicating that all cells can potentially respond to this growth factor (Wakefield, L., unpublished observation). In vitro studies indicate that TGFbeta can control the effects ofseveral other peptide growth factors, such as PDGF, TGF-alpha (or EGF), basic fibroblast growth factor (FGF), and interleukin 2, and that it can determine whether a cell responds in a positive or negative manner to such peptides (16, 38, 40) . Thus, TGF-beta can enhance or inhibit the effects of PDGF or EGF in a variety of human and rodent fibroblasts, and is a potent inhibitor of the effects of interleukin 2 on T lymphocytes. We thus propose that TGF-beta should be thought of as a "panregulin" whose function is to control the activities of several other peptide growth factors.
Three other peptides that are highly relevant to the repair process, particularly to its angiogenic component, have recently been identified and characterized. These are acidic and basic FGFs (41) and angiogenin (42) . Acidic and basic FGFs bind heparin very strongly and are potent mitogens for vascular endothelial cells (41, 43, 44) . Peptides resembling basic FGF are found in platelets and macrophages. Angiogenin is highly active in inducing capillary formation in the chick chorioallantoic membrane (42) , although its cellular mechanism of action is unknown at present. The gene for this peptide has been cloned from a human liver cDNA library (45) , while the peptide itself has been isolated from human colon cancer cells (42) , again emphasizing the dual role of angiogenesis factors in cancer and tissue repair.
To understand the mechanism ofaction ofall ofthese peptide growth factors, it must be realized that they act in sets or combinations (16, 36) (4) . In many of these diseases it would appear that peptide growth factors produced by activated inflammatory cells (macrophages or lymphocytes) are driving the disease process; this analysis should now be extended to granulomatous diseases such as sarcoidosis. To the extent that different types of cancer cells may represent cloned, exaggerated versions of various aspects of the process of tissue repair, the study of carcinogenesis offers an opportunity to understand mechanisms relevant to other proliferative diseases. Although we have focused on three principal peptide growth factors in this review, it is apparent that studies of interleukins, interferons, tumor necrosis factor, lymphotoxin, and other peptide signaling molecules produced by inflammatory cells may also be of major importance in the understanding of proliferative diseases. In the past many of these studies have been hindered by the ill-defined nature ofthe peptide growth factors; however, with recent advances in peptide chemistry and molecular genetics, these handicaps can now be overcome.
Therapeutic implications
